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Analysis of Diffraction Pattern by Wedge Shape and its 
Application to Angle Measurement 
Norio ITOH and Tadashi KATOH 
Since gas laser was put to use, its applied researches in preCisiOn measurement have 
been actively made, taking advantage of coherence which is its greatest characteristic. The 
present paper, using elementary function, shows that Fraunhofer diffraction by wedge-shaped 
aperture and wedge-shaped opaque forms diffraction pattern or hyperbola group, and then 
describes the method of wedge-shaped angle measurement. 
1 . Introduction 
The method of angle measurement which has been done up to this time could be classi­
fied into the following two methods according to the shapes forming the angle. One is the 
mehod of direct angle measurement like the protractor. It includes angle reading device 
·which is attached to the measuring microscope or the profile projector. The other is the 
indirect method like the angle interferometer. 
As the wedge-shaped angle is so small and no other instrument except the microscope 
and projector can measure it, the authors experimented on the indirect method to measure 
such wedge-shaped angle. For that purpose, we first analyze the distribution of intensity of 
diffraction pattern and verify that the dark and light stripes are hyperbolas and from these 
we propose two simple methods. 
Using similar principle, a few studies1J-3J on the measurement of displacement and profile 
have been done already, but no examples could be found applying it to the angle measure­
ment. 
2. Diffraction pattern by wedge-shaped aperture 
The wedge-shaped aperture, which has constant angle a, is assumed to be sufficiently 
long and without thickness. As shown in figure 1, let the vertex of wedge be the origin. 
Axis �stands for the bisector of angle a and axis 17 crosses it at right angles. Then, cor­
responding with them, cnosider the axes of x- y co-ordinate on the screen which is situated 
far away from wedge. When monochromic plane wave of wavelength A is projected perpen­
dicularly on the position where the width of wedge is w, the figure appearing on the screen 
could be approximately regarded as the Faunhofer diffraction pattern on the assumption 
that A { w{ R (R is the distance between wedge and screen). Therefore, its intensity I is 
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described as a function of B. which is the 
diffraction angle. 
(sin¢) 2 n . I =  I o  --;;;- , ct>= A smB (1) 
where /0 is the intensity in the direction of 
B = 0. Since ct> equals nn ( n= ± 1, ± 2, ··· ), 
the position of the center of dark fringe in 
diffraction pattern becomes 
wsinB= n.t (n= ±1, ±2,, ... ) (2) 
Within the range where B is small enough, 
the equation sinB = y/R is approximately 
available. So the equation finally results 
wy= n.tR (n= ±1, ±2, . . ·) (3) 
Then, assuming that the width of wedge is 
changed according to the equation 77 =m� 
(m is the inclination of the wedge side), w 
equals 2n, and on the screen �=x could be 
utilized. Therefore the equation (3) becomes 
n,tR xy= Zm (n= ±1, ±2, .. · ) (4) 
y 
R 
Wedge shaped 
aperture 
Fig. 1. Diffraction pattern by wedge shaped 
aperture. 
The right side of this equation is obviously constant, so that the diffraction pattern on the 
screen forms a groups of 2 n hyperbolas whose asymtotes are the axes of x- y co-ordinate. 
3. Diffraction pattern by wdge-shaped opaque 
Considering the wedge-shaped opaque as shown in figure 2, the diffraction figure by the 
wedge-shaped opaque has perfectly complementary relation with that of the wedge-shaped 
aperture. And from Babinet principle, Fraunhofer diffraction by this opaque shows the same 
intensity distribution as in the case of aper­
ture on the screen except for the central 
part. Therefore in the case of the opaque, 
equation (4) obtained in the preceding sec­
tion should be held as it is. If the vertical 
angle of wedge is equal, this opaque forms 
the same hyperbolas group as aperture. 
Fig. 2. Schematic diagram of complementary 
relation between wedge shaped aperture 
and wedge shaped opaque. 
4. Experimental analysis 
It has been derived analytically that Fraunhofer diffraction pattern by wedge-shaped 
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aperture and opaque, both of which have the same angle, shows the same distribution of 
intensity except for its central part. In this section, we shall confirm it experimentally. 
Since it is difficult to manufacture a pair of wedge-shaped aperture and opaque which 
have a complementary relation with one another, we confirm it indirectly, making use of 
aperture and opaque specimens with parallel sides. To set about this experiment, manufac· 
ture some specimens with width w which should be similar to the measured portion of wedge-
shaped specimen in size. Then there is no need to consider the complementary relation bet­
ween them (see figure 3). Maintaining con­
stant distance between specimen and screen, 
diffraction patterns are made. Measure the 
distance Yn between the center of the ob­
tained pattern and dark fringe of n-th order. 
In consequence, the relation between w and 
Yn is illustrated in figure 4. As it is evident 
in figure 4, the measured value Yn at the 
same order lay almost on the same hyper­
bola in both cases of aperture and opaque. 
Table 1 substantiates it further-more, where 
Wa.o is the width of each specimen measured 
by profile projector. E 
The sigh ,land R denote the wave length E 
of laser light and the distance between 20 
specimen and screen respectively. The pro­
duct ,tR denotes a constant in equation (3), � 
and Wa.bYnl n agrees with A.R in value. Hence, 
if the specimens of aperture and opaque I 0 
are parallel and of the same width, those 
diffraction patterns have the same fringe 
space. And if the width changes, it gives 
a hyperbola in each order. The facts des-
cribed above were confirmed experimentally 
within the experimental errors. Therefore, 
it is quite all right to consider that the 
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Fig.3. Specimens of aperture and opaque with two 
parallel sides for experimental analysis. 
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Fig.4. Fringe space Yn as a function of parallel slit 
width Wa.b for specimens of Fig. 3. 
same result will be obtained in the case of wedge-shaped whose width changes continually. 
Table 1. The calculated values, showing that fringe distance Yn at same order lay on the 
same hyperbola in both cases of aperture and opaque. 
n 1 2 3 4 5 6 
Cn 0.904 1.810 2.692 3.608 4.507 5.408 
Wedge 
Aperture 
Cn/n 0.904 0.905 0.897 0.902 0.901 0.901 
shape Cn 0.917 1.778 2.662 3.527 4.439 5.299 Opaque 
Cn/n 0.917 0.889 0.887 0.882 0.888 0.883 
Notes: Cn=Wa.bYn. Cn!n=A.R 
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7 
6.309 
0.901 
6.141 
0.877 
5. Application to angle measurement 
Nowadays, as we enter the save-energy and resources era, the effort to make various ma­
chine parts small and fine is advanced and the manufactured goods come to be checked not 
only on the accuracy of their dimension but also that of profile. However, measurements of 
such small-sized parts still depend on a profile projector and a measuring microscope. 
Applying the fact that diffraction pattern by wedge shape forms hyperbola, we propose 
two methods to measure the angle which seems to be one of the significant factor for the pro­
file measurement of small aperture and small opaque having polygonal shape. 
5. 1 Measurement using fringe spaces 
See figure 5, where A and B are the 
points plotted on axis � , and Wa and wb are 
the widths of wedge at those spots. Assum­
ing that the length of AB is �ab, tan (a /2) 
equals (wa- wb)/2�ab· Letting Ya and Yb on 
axis y correspond to width Wa and wb, equa­
tion below could be derived from equation 
(4). 
tan!!..=nA.R (_!__l.) (n=±1,±2,···) (5) 2 2�ab Ya Yb 
Therefore, measuring values of �ab, Ya Fig.5. How to calculate angle, using fringe spaces. 
and Yb on the screen, makes it possible to 
obtain the value of the angle of wedge-shaped aperture and opaque. In addition as far as the 
values of Ya and Yb are concerned, 8 has to be suffi-
ciently small, on the other hand �ab is arditrary. y 
5.2 Measurement using hyperbola 
See figure 6, where p n (p, Cn/ p) is the 
point where hyperbola xy = Cn ( Cn= constant) 
crosses line x = P. The tangent line pass­
ing the point p n is given by the equation 
y = - ( Cn /P 2) x + 2 Cn/ p, which crosses axis 
x at (2p, 0). So it is independent of the 
value of Cn. In other words, letting Ph P2, 
····, Pn be the points where the perpendicular 
line passing given point p on axis x crosses 
each hyperbola, tangent lines passing Pt. P2, 
····, P n cross a single point point Q on axis 
x. Therefore 
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Fig.6. How to calculate angle, using hyperbola. 
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x = PQ p, Yn 
Using equating (4) in the same way, 
tan�= nJ...R (n = ±1, ±2, ... ) (6) 2 2XYn 
Like above, the wedge angle could be obtained by measuring PQ and PP n on the diffraction 
pattern. 
5.3 Distinctions and controversial points 
Making use of the alteration of fringe space and diffraction pattern by hyperbolas, these 
two methods described above show their distinctions for the comparatively small angles (e.g. 
0-100 ). That is to say, diffraction patterns formed by using the portion of the wedge where 
width w is small and at the same time using the vertex of the wedge and the portion around 
it are needed. Especially when the hyperbolas are put to use, these methods are applied to 
the angle containing its vertex because such construction as to draw tangent lines are re­
quired. 
On the other hand, as a controvertial point for practical purposes, diffraction pattern 
obtained by directly projecting a fine laser beam into specimen has long length in the direc­
tion being perpendicular to wedge side (namely the direction of axis y ) , and is narrow in 
the direction of axis x as shown in figure 7. Therefore, those hyperbolas haven't sufficient 
dimensions to measure the fringe spaces and to draw tangent lines. In order to bring it 
into use, with the method using fringe spaces, the cylindrical lens should be placed in front 
of the specimen to magnify the diffraction pattern in the direction of axis x, so that the value 
of �ab in equation (5) will be enlarged to its suitable quantity. In the method using hyper­
bolas, placing a convex lens behind the specimen to magnify the whole diffraction pattern 
(a) (b) 
Fig.7. Diffractograms of wedge shape 
(a) without lens. 
(b) with cylindrical lens in front of specimen. 
(c) with convex lens behind specimen. 
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(c) 
uniformly, the figure having sufficient dimensions to draw tangent lines could be obtained. 
6. Summary 
(1) In both cases of wedge-shaped aperture and opaque, the Fraunhofer diffraction pat­
terns consisted of hyperbolas group. And it was confirmed experimentally. 
(2) Two new methods of angle measurement making use of the result of (1) were pro­
posed, and its distinctions and its controvertional points for practical purposes were descri · 
bed. 
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